To evaluate renal arterial resistance to flow by Doppler indices concurrently with ascites drainage in women with severe ovarian hyperstimulation syndrome.
Ovarian hyperstimulation syndrome is a well-known iatrogenic complication of ovulation induction, which probably stems from increased peritoneal capillary permeability mediated by vascular endothelial growth factor and interleukins. [1] [2] [3] This ordinarily self-limited condition may occasionally deteriorate to life-threatening complications, including acid-base and electrolytic imbalance, pulmonary insufficiency, liver dysfunction, hypoglobulinemia, severe hemoconcentration, thromboembolic phenomena, and hemodynamic changes (hypovolemia, oliguria). 4 Clinically apparent ascites is a cardinal feature of severe ovarian hyperstimulation syndrome, 1 and it is accountable for abdominal discomfort, breathing difficulties, hypovolemia, and consequential oliguria. 5 The management of ovarian hyperstimulation reflects its self-resolving nature and focuses on supportive measures aimed at minimizing the emergence of complications and relieving patients' discomfort. 6 Levin et al 7 and others 5, 6, 8, 9 studied the beneficial effect of abdominal fluid removal by paracentesis on urinary output and concluded that paracentesis increases urinary output and reduces blood urea nitrogen concentration in women with severe ovarian hyperstimulation syndrome. The mechanism by which paracentesis exerts its effect is still obscure, although 2 possible theories are suggested: One is that of the direct decompression effect, which implies reduced intra-abdominal pressure and thereby enhanced splanchnic perfusion, including renal artery flow, consequently leading to augmented urine production. The other theory relates to the removal of harmful mediators from the peritoneal cavity, thus reversing the pathophysiology of the disease and leading to a cascade that culminates in improved hemodynamic status and urine production. Although both theories are plausible, there is no hard evidence to support or refute either of them.
Assessment of Doppler ultrasound measures such as systolic/diastolic ratio (S/D) and resistance index before and after paracentesis of ascitic fluid may demonstrate alterations in renal arterial flow, 10 which are temporarily associated with reduced intra-abdominal pressure. The combination of an untested theory of renal blood flow changes increasing urine production and a readily available tool of assessing these alterations motivated us to conduct a study aimed at evaluating renal arterial Dopp-ler flow indices concurrently with the removal of free peritoneal fluid in patients with severe ovarian hyperstimulation syndrome to evaluate the validity of the direct decompression theory.
METHODS
The study population included women who had been hospitalized between March 2001 and May 2003 for severe ovarian hyperstimulation syndrome as manifested by clinically apparent ascites and confirmed by ultrasonographic imaging. This study was approved by the Tel Aviv Sourasky Medical Center. Each member of the study group presented with at least 1 of the recognized indications for therapeutic paracentesis: respiratory compromise (tachypnea, complaints of breathing difficulties, low oxygen saturation), tense ascites causing severe abdominal discomfort or pain, and oliguria defined as daily urine output of less than 500 mL or less than 30 mL/h. An additional requisite for study inclusion was at least 24 hours of strict, in-house, hemodynamic surveillance, including renal function tests, urine output measurements by urinometer, and daily fluid balance. No active intervention was required to be included in the study, because all individuals were managed conservatively according to our institutional policy with similar compositions and volumes of crystalloid (0.9% sodium chloride) and colloid (10% hydroxyl-ethyl starch; Fresenium, Homburg, Germany) solutions. Data for this study were collected from women whose aspirations were done during regular working hours so that a single expert ultrasonographer (A.J.) performed all the scans and aspirations.
Excluded from the study were 2 women who could not tolerate the procedure due to pain that necessitated its discontinuation after the removal of only 1,200 mL in one case and 1,900 mL in the other. We also excluded 3 women who had been treated with diuretics and albumin before initial aspiration to avoid any bias originating from variations in treatment regimens. Seventeen women (89%) required repeated aspirations due to reaccumulation of free peritoneal fluid, but only data from the first aspiration in the course of the disease were included in the final analysis of results. Data from reaspirations were excluded because women requiring repeated drainage uniformly needed a modification of their treatment with the addition of albumin, starch, or a diuretic. These treatment modifications may by themselves affect urine production and may interfere with evaluation of the isolated effect of paracentesis on this measure.
After at least 1 day of hospitalization, during which hemodynamic and urinary function data were gathered, all suitable candidates for initial therapeutic paracentesis were referred to the ultrasound unit for further evaluation and aspiration. Before the puncture, a trained ultrasonographist (A.J.) assessed the renal arterial flow by Doppler wave indices taken at both renal hili. Paracentesis was performed and intraperitoneal pressure was measured using a needle connected to a water column system similar to that used for central venous pressure measurements (expressed in cm H 2 O). Repeated measurements were done after 2,000 mL had been removed, at conclusion of the procedure (ie, when no additional fluid could be drained) and 2 hours later.
Blood sample analyses that included complete blood count, electrolyte levels, and renal function tests (blood urea nitrogen ͓BUN͔ and creatinine) were done before the aspiration and were repeated on the day after and on alternating days until discharge, as is routine procedure in our department. Daily urinary output was measured by urinometer, and fluid balance was carefully monitored and recorded.
We compared the values of renal function tests and urine output before and after removal of ascitic fluid. We also evaluated the simultaneous alteration in renal artery flow indices and intra-abdominal pressure to assess whether the increase in urine output that had been previously observed after paracentesis was reflected in a concurrent decreased renal resistance to flow and intraabdominal pressure.
Due to sample size and lack of demonstrated normality of differences, the nonparametric Wilcoxon matchedpairs signed rank test was used. All statistics were done using SPSS for Windows 11 (SPSS Inc., Chicago, IL). A P value of less than .05 was considered statistically significant.
RESULTS
Nineteen women were enrolled in our study, with a mean age of 28 Ϯ 2.3 years and mean weight of 62.1 Ϯ 4.3 kg. Parity was low (0.88) and 11 (58%) patients were nulliparous. Ovulation was induced by gonadotropins in all women but 1, who received clomiphene citrate. Three women were pregnant at the time of hospitalization for ovarian hyperstimulation syndrome, and 11 conceived within 2 weeks from the day of discharge, yielding a pregnancy rate of 74% among our study group. Hospitalization lasted 6 days on average (range 3-10), during which 3.2 aspirations (range 1-5) were performed per woman. Indications for the first aspiration in the course of the disease were deterioration of respiratory function or breathing difficulties (n ϭ 3, 16%), tense ascites (n ϭ 8, 42%), oliguria (n ϭ 5, 26%), or combinations of these (n ϭ 3, 16%). There was no limitation of oral fluid intake The mean blood pressure levels measured before and immediately after the procedure were 108 Ϯ 18 mm Hg and 110 Ϯ 15 mm Hg, respectively (P Ͼ .05). The mean heart rate remained unaltered as well (approximately 90 beats per minute). On average, the drainage procedure lasted 1.8 hours, during which 3,340 Ϯ 547 mL (range 2,500 -4,500 mL) of ascitic fluid were drained. The intra-abdominal pressure measured at puncture was 17.5 cm H 2 O and it decreased to 10 cm H 2 O at the conclusion of drainage (P ϭ .001). As shown in Table 1 , there was reduced renal artery resistance to flow (expressed by a lower S/D and resistance index) at the conclusion of paracentesis, followed by a marked increase (65%) in urinary output on the subsequent day. No latency period was observed between peritoneal fluid drainage and S/D decrements, and moreover, the S/D remained unaltered at 2 hours and 24 hours after the conclusion of the procedure. There were no significant S/D differences between the left and right kidneys.
Most of the decline in intra-abdominal pressure, renal artery S/D, and resistance index were observed after draining the first 2,000 mL (the mean intra-abdominal pressure decreased to 11 Ϯ 1.18 cm H 2 O, P Ͻ .01; mean S/D was 2.43 Ϯ 0.12, P Ͻ .01). Additional drainage had only negligible effect on both intra-abdominal pressure and S/D (10 cm H 2 O, P ϭ .09, and 2.29 Ϯ 0.11, P ϭ .1, respectively, at the end of aspiration). As depicted in Figure 1 , the curves for intra-abdominal pressure and S/D as a function of the amount of fluid drained nearly overlapped.
Reaspirations were indicated for reasons other than poor urine production (mainly due to abdominal discomfort accompanying reaccumulation of free peritoneal fluid). Reaspirations were done 3.1 days after the initial drainage and drained less volume as compared with the initial aspiration (2,245 mL compared with 3,520 mL, P Ͻ .001). The intra-abdominal pressure measured at the time of repeated aspirations was significantly lower than that measured at the beginning of the initial drainage and averaged 11.8 Ϯ 1.4 cm H 2 O (P Ͻ .001) but was not statistically different from that measured at the conclusion of the initial procedure (P ϭ .09).
Although BUN levels declined after paracentesis, this effect cannot be attributed to increased urine output, because drainage of peritoneal fluid by itself lowers BUN. 11 The differences in creatinine and hematocrit levels failed to reach levels of statistical significance.
Five women in our study group were oliguric, defined as daily urine production of less than 500 mL or less than 30 mL/h. Initial intra-abdominal pressure measured before drainage was 17.8 cm H 2 0 (similar to nonoliguric women, P ϭ .21), and decreased to 10.3 cm H 2 0. The mean urine output increased from 21.8 mL/h before aspiration to 48 mL/h (1,152 mL daily) on the day after the procedure. The marked beneficial effect of paracentesis on urine production among that group persisted, with all 5 patients becoming nonoliguric during the day after the procedure and remaining so until discharge. A mean daily urine output of 1,530 mL was measured on discharge day (nearly 3 times the value upon admission).
DISCUSSION
Increased urine output and enhanced hemodynamic status after aspiration of ascitic fluid was initially observed in cirrhotic patients with elevated intra-abdominal pressure. [12] [13] [14] [15] Luca et al 14 showed that paracentesis had favorably influenced hemodynamic status as expressed by increased cardiac output and improved renal function in patients with cirrhosis and tense ascites. Cade et al 16 demonstrated the beneficial effect of paracentesis on renal plasma flow, glomerular filtration rate, and urine flow in 11 patients with hepatorenal syndrome and a very high level of intra-abdominal pressure (30 -40 cm H 2 0).
The beneficial effect of paracentesis in ovarian hyperstimulation syndrome was suggested in several reports 4, 6, 17 and confirmed by Levin et al. 7 Paracentesis is indicated for tight ascites, deteriorating kidney functions, and symptomatic relief 18 and may improve urinary output and creatinine clearance and lead to a decrease in hematocrit, blood osmolarity, and weight. 6 Aboulghar et al 9 reported decreased hematocrit (by 22%), enhanced creatinine clearance (79.3%), and improved urine output (220.7%) after ascitic fluid aspiration in women with ovarian hyperstimulation syndrome.
Despite the almost undisputed recognition of the advantageous effect of ascitic fluid removal in patients with severe ovarian hyperstimulation syndrome, the mechanism by which paracentesis exerts its action is yet to be elucidated. The most appealing theory centers upon the reduction of intra-abdominal pressure and augmented renal perfusion consequent to a direct decompression effect. Although a few studies indirectly addressed the issue of mechanical decompression, hard evidence for supporting the centrality of this mechanism in alleviating poor urine production among women with ovarian hyperstimulation syndrome is lacking. An alternative theory relates to the removal of harmful mediators, mainly vascular endothelial growth factor, interleukin-2, and interleukin-6, which are abundant in the aspirate. The clearance of such mediators may reverse the pathophysiology of the disease through a cascade culminating in reduced endothelial hyperpermeability and improved hemodynamic status. Although both theories are plausible, there is no hard evidence to support or refute either of them.
Caldwell and Ricotta 19 showed that an elevated intraabdominal pressure compromised the visceral blood flow of several organs including the kidneys, and Cabrera et al 20 used a specially designed pneumatic girdle to compress the abdomen to avoid a decrease in intraabdominal pressure during ascites removal and showed that early hemodynamic changes after paracentesis are prevented if intra-abdominal pressure is maintained at its original level by the inflated girdle. This latter finding is not consistent with the removal of harmful mediators as an explanation for hemodynamic improvement after paracentesis.
Normal values for intra-abdominal pressure vary according to the method of assessment, but it is generally agreed that values from Ϫ2 cm H 2 0 to 5 cm H 2 0 are normal. 21 We measured a decrement in the intra-abdominal pressure level from 17.5 cm H 2 0 to 10 cm H 2 0, in concordance with earlier publications on ascites decompression in cirrhotic patients. 22, 23 The impact of this decompression on urine output was already evident by the first day after paracentesis, with the measured urine output having been markedly increased (by 65%), thus supporting the findings of earlier reports. 4, 6, 7, 16 We attributed the observed augmentation of urine production to the beneficial effects of paracentesis, because no other treatment modality was implemented.
There are no established, clear-cut, normal values for renal arterial S/D in nonpregnant individuals, although Levine et al 24 found that the mean (Ϯ standard deviation) values were 2.5 Ϯ 0.20 and 2.6 Ϯ 0.21 for the left and right sides, respectively, in pregnant and nonpregnant subjects. In our current study, the S/D for both kidneys decreased from a value of 3 before intervention to 2.29 immediately after fluid removal. Normal values of the resistance index in nonpregnant are reported to be in the range of 0.58 -0.62. 25, 26 We found higher preprocedure resistance index values (mean 0.67, range 0.64 -0.71) in our study group, essentially showing the same trend as the S/D and decreasing from 0.67 to 0.56 instantaneously with decompression.
The curves for intra-abdominal pressure and S/D as a function of the amount of fluid drained almost overlapped. The decrement in both measures was most marked during the drainage of the first 2 L, and then both curves flattened as additional drainage had a minor effect on intra-abdominal pressure. Moreover, there was no latency period between peritoneal decompression and lowered resistance to flow within the renal vasculature, an observation which further supports a direct, causal relationship between decompression and renal flow rather than a cascade of processes reversing the pathophysiology and culminating in increased urine production. Additional volume removal after the first 2,000
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Maslovitz et al Paracentesis and Renal Artery Resistance OBSTETRICS & GYNECOLOGY mL had negligible effect on renal blood flow, but it may be important in deferring recurrence of symptoms. This issue could not be assessed properly in our population due to the small numbers of patients. The subgroup composed of oliguric women had a marked increase of urine production on the day after paracentesis (220%) and even nearly tripled their urine output on the day of discharge. The intra-abdominal pressure was not higher among this subgroup, and furthermore, intra-abdominal pressure decrements were not more pronounced nor were volumes of aspirates. This observation is plausible considering the multiple determinants of hemodynamic status in such severely compromised patients, with intra-abdominal pressure being only one component of the whole milieu. Our results reconfirm the marked advantageous effects of paracentesis in oliguric patients and advocate its use in such population.
In conclusion, we demonstrated a temporal and possibly causal relationship between ascites decompression in ovarian hyperstimulation syndrome and instantaneously improved renal blood flow. Despite the lack of decisive and unequivocal evidence regarding the direct decompression effect of paracentesis on renal blood flow, it is improbable that many steps exist between them, because there is no latency period, and the curves for both measures as a function of volume of aspirate overlapped. We suggest that the beneficial effect of paracentesis on urine production in ovarian hyperstimulation syndrome is attributable to improved renal blood flow subsequent to immediate decompression.
